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Abstract The paper provides a model for analyzing approval voting elections. Within a standard probabilistic spatial voting setting, we show that Principal Component Analysis makes it possible to derive candidate relative locations from the approval votes. We apply this technique to original experimental data from the French 2002 presidential election.
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1



Introduction



This paper proposes a model for analyzing the outcome of elections held with the Approval Voting rule. Under this rule, each voter votes for as many candidates as she wants: for each candidate, she approves of him or not. The outcome of such an election can be represented by a matrix A with as many rows as there are voters and as many columns as there are candidates, with Av,c = 1 if voter v has approved candidate c, and Av,c = 0 if not. The number P of votes for candidate c is the column sum v∈V Av,c . Under approval voting, the elected candidate is the one who obtained the most votesThere is a vast literature on Approval Voting, see the book by Brams and Fishburn (1983) and the more recent survey of its applications Brams and Fishburn (2005).. Notice however that the matrix A contains much more information that its column sums. For instance, with A, one may know whether two candidates have received their votes from the same voters or from different ones. We apply the proposed theoretical model to empirical data experimentally collected during the 2002 French presidential election. This election was a tremendous political shock for France because Jean-Marie Le Pen, the populist leader of the extreme-right party Front National came second on the first round defeating the former prime minister, the socialist Lionel Jospin. The first-ranked candidate was the former – and later – president Jacques Chirac so that, following the French electoral law, Jospin could not partici3



pate to the second round and Le Pen was the only challenger to Chirac. Although the finally elected candidate was not a surprise, this episode makes clear the following point: Even though its first goal is to designate a winner, the outcome of an election is not only the name of the elected candidate; an election also provides a kind of official photograph of the voters’ preferences, as expressed by the votes. Large national elections are not only choice devices, they are also very specific democratic moments when a nation learns about itself, by facing a picture of itself, a picture somehow taken by the voting rule. For the democratic political system to function well, it is important that this picture be not distorted. It follows that, when comparing voting systems, one should not only wonder what kind of candidates a given system favors, but also what kind of pictures of the voters’ preferences the system is able to provide. For instance the plurality rule can only offer a very reduced picture, where one only learns how many votes a candidate has gotten. Other rules, according to which a voter is allowed to express (in a way or another) her evaluation of all candidates are able to offer richer pictures. Such is the case for the Approval Voting rule once the whole profile of approval ballots (the above matrix A) is recorded.This raises a legal point: Suppose that a jurisdiction adopts Approval Voting, then what is going to be published after the election ? Certainly, the law must specify that the number of voters who approved
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of the elected candidate must be made public. Certainly so for the other candidates. But should the number of voters who approved of a given pair of candidates be made public too ? It is hard to find a good argument against that view because such a piece of information is anonymous and should be given the same legal status as the direct scores. (Notice that there is no technical problem here since, even with several millions of voters, the whole approval profile can still be contained in a small electronic file.) It is true that most of the various voting rules in national or regional political elections have in common that each voter is only asked to provide a very limited quantity of information: generally the name of a single candidate. Therefore the kind of data we are interested in is seldom available and the proposed method of analysis is of limited use for exploring empirical questions of interest to political scientists. But it may nevertheless be of some interest to explore the potential of a rule which is not actually in place. Firstly, and obviously, the debate about the relative merits of different voting rules is, from time to time of practical relevance. In this debate, voting rules are often considered on the sole basis of who they tend to elect. This paper points out that one other aspect can (and maybe should) be considered. In an election, the set of cast ballots provides not only the name of the winner, so, depending on the voting rule, what can we further read in this data set ? Secondly, the theoretical exercise is useful to get some new hints
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on familiar theoretical objects; we hope to demonstrate that point about the spatial model of voting. Finally notice that the type of data we study could be obtained in surveys. Because the main idea at work is that of the correlation among the voters of the votes for two candidates, the construction is meaningless if the voting rule or the questionnaire is such that each individual names only one candidate. But what is done here for Approval Voting could easily be adapted for rules (such as the Borda rule or some other grading rule) in which each individual somehow expresses his opinion on all the candidates. In Voting and Social Choice Theory, the usual representation of individual preference is through a transitive ranking of the set of alternatives. For instance if a voting rule asks the individual to rank the candidates from best to worse, one can suppose that the individual’s behavior is just to report her preference on the ballot (sincere voting) or maybe, leading to more complicated models, another preference that she thinks will have better consequences for her (strategic voting). One problem for producing a theory of approval voting, is that there is no obvious way to deduce, at the individual level and even under simple behavioral voting assumptions, the cast ballot from the usual representation of individual preference as a ranking. As M. Regenwetter (1997) mentions: “A psychological, empirically testable, descriptive model of subset voting as
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a collective decision making process is lacking.” The present paper provides a descriptive theory of Approval Voting and applies it to empirical data. To do so, we bring together several ingredients, whose first one is the Spatial Theory of voting. This assumes the existence of a “political space” which contains the positions of the candidates and ideal points of the voters. On one hand, the candidate programs or attributes can be described as points in the political space, and on the other hand, the voters preferences can be described by utility functions defined on the same space. A typical spatial utility function is, for a voter v, some decreasing function of the distance kyc − xv k , where xv is her “ideal point” and yc is the position of some candidate c, both xv and yc are points in the Euclidean space IRk and k.k is the usual distanceSee Davis, DeGroot and Hinish (1972), McKelvey (1976), Enelow and Hinich (1990), Milyo (2000).. Points in the political space are usually interpreted as descriptions of possible political programs, in which case a candidate is judged on the basis of his program and a voter’s ideal point represents her preferred policy. To this classical framework, we add one important element: a voter evaluates a candidate not only through his political position in the political space but also taking into account a “valence” parameter. Among two candidates who are located at the same point, the one with larger valence will receive 7



more votes. The valence of a candidate is a personal characteristic of the candidate and is not relative to the voter’s ideal points. Taking a valence effect into account is obviously needed, in view of the data, because it may be the case that two candidates are politically very close one to the other while one of them have a much larger support than the other. Such is the case, for instance, for Jean-Marie Le Pen and Bruno M´egret. M´egret is a dissident of Le Pen’s partyFor studies on the Front National, see Perrineau (2000) and Mayer (2002); a complete account of the 2002 presidential election can be found in Perrineau and Ysmal (2003)., their positions on most issues are almost identical, and, without surprise, the data collected here shows very high correlation in the approval votes in favor of these two candidates. Nevertheless the total support in favor of M´egret is small compared to the one in favor of Le Pen, be it in the official votes or in the experimental approval vote. If the political space has k dimensions, a candidate is described by k + 1 parameters: k parameters for his location, and one for his valence. This is one difference between the analysis of approval votes that we have to undertake and standard statistical analysis of Roll Call data based on the spatial modelSee Poole and Rosenthal (1985, 1991), Heckman and Snyder (1997), Londregan (2000), Poole (2003) and others.. When analyzing the legislators’ votes it is reasonable to take as an assumption that proposals which are located at the same place in the political space will receive the
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same support. The votes for two such proposals are expected to be not only highly correlated but identical up to some error term, they are supposed to have the same mean. In view of the approval voting data to be analyzed, such an assumption cannot be done here.Notice that the format of approval voting data is very common: it consists of individual responses to a question of the type “pick some of those items.” But the Item Response Theory developped by psychometricians (see Wijbrandt and van Schuur, 2003) is not suited for the problem at hand. For instance the “MUDFold” model, for multiple unidimensional unfolding, partitions the set of items into maximal subsets, each of them forming a unidimensional unfolding scale (see van Schuur, 1993). Such a partition of the set of candidates to a single election seems hard to interpret, and in any case is not interpretable with the usual concepts of the spatial theory of voting. The second ingredient we use for building the model is the Random Utility model. According to this model, individual utility defines the probability that the individual undertakes one action or the other. The so-called “probabilistic theory of voting” (Coughlin, 1992) is one application of random utility to spatial voting. Our model is an adaptation of these ideas for Approval Voting. We will suppose that a voter’s decision of approving of a given candidate is a random variable whose probability is higher if the candidate is located close to the individual’s ideal point and has large valence. Each
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individual can vote for several candidates; we will assume that these random choices are independent the ones from the others, an assumption which is well in line with the concept of approval voting (“One candidate, one vote”). Deriving the probability of voting in such a way allows to escape the problems tackled by the general theory of probabilistic subset choice (Falmagne and Regenwetter, 1996). For confronting this model with real data, the last ingredient we need is multidimensional scaling. Given the above spatial voting model, it turns out that a simple Principal Component Analysis allows to deduce the candidate locations (that we do not observe) from the correlations in the votes received by different candidates (that we can observe with approval voting). In particular the model disentangles the valence effects (personal characteristics of the candidates, that result in the total number of votes for that candidate) from the location effects (which are deduced from correlations between the different candidates’ approvals). With these tools, we are able to offer an image of the political space that is solely derived from the observed approval votes and does not rest on some prior hypothesis as to which are the relevant political issues and where do candidates stand on these. In particular, we are able to discuss the question of the dimension of this candidate space. The main feature of the present paper is that it attempts to provide spatial candidate representation in a
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purely endogenous way, that is without reference to an a priori specified set of issues; it thus contrast with methods, such that the directional theory of voting, which take as their stating point a set of issues (Rabinowitz and MacDonald, 1989, see Lewis and King, 2000). The data we use is taken from an experiment carried out in France during the 2002 presidential election, in which there were 16 candidates. Therefore the conclusions we reach are essentially descriptions of local politics at that time. Nevertheless, some observations may be of a more general interest, dealing with field experimentation in Politics, and with the Approval Voting rule in theory and in practice. The paper is organized as follows: Section 2 describes precisely the individual voting model. Section 3 is devoted to the theoretical representation of candidates. Section 4 applies the previously developed theory to data collected in two different places in France. Section 5 is a short conclusion, touching to a variety of subjects. Some computations and a technical note about Principal Component Analysis are in the Appendix A. Appendix B describes the data and contains the Tables and Graphics.
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2



Voting model



We denote by V the set of voters and by C the set of candidates. To each candidate c ∈ C is associated his or her location yc ∈ IRk in the k-dimensional Euclidean space. This space is the political space which appears in the spatial theory of voting. It does not hurt to a priori consider that k, the dimension of the political space, is large because, precisely, we will later compute what is lost by imposing that the points yc lie in a sub-space of lower dimension. Since k points in an Euclidean space of higher dimension can be embedded in IRk we can chose a priori k as equal to the number of candidates: k = #C. On the other hand, each voter v ∈ V ranks the candidates according to their distances from an ideal point xv ∈ IRk which characterizes this voter. We suppose that voting is probabilistic: the probability that voter v approves of candidate c is:  Pr [Avc = 1] = γc exp −α kyc − xv k2 ,



(1)



where γc is some positive parameter that we call the valence of candidate c, kyc − xv k is the usual Euclidean distance between the location of the candidate and the ideal point of the voter, and α is a policy salience parameter. The formula (1) for the approval probability gives the intuition for the notion of valence used here. With a probability γc which depends on the 12



identity of the candidate c but does not depend on the voter’s identity, the voter thinks that he might approve of c. This is done independently of the political positions of both v and c. Here, one can think of the personal traits of the candidate which are equally valued by all voters, such as honesty, integrity, charisma, competence... Given this, the second condition for v to approve of c depends on their respective political positions. If yc = xv , v approves of c with probability 1, if yc is very far from xv , he certainly not approves, and in general he  approves with the probability exp −α kyc − xv k2 . The interpretation of the policy salience parameter α is the following: a larger α implies that the above probability decreases faster when the distance between the candidate and the voter increases, which means that the votes are more tightly determined by the political locations. We also suppose that the random variables Avc are independent so that the probability that v approves of both c and c0 is simply the product of the above probabilities. Notice that the parameters γc allow candidates with identical locations not to receive the same number of votes. Nevertheless, two candidates with the same location tend to receive their votes from the same voters, namely those whose ideal points are close to this location. As will be seen more precisely later, the location yc explains the correlations between the vote for c and the other candidates. Remark also that, if the
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salience parameter α is large, few voters approve of several candidates. The approval probability formula (1) can be derived from a utility function of the form: uv (c) = −α kyc − xv k2 + Γc + εv,c with Γc = log γc and under the hypothesis that the disturbance is distributed according to the exponential law (cumulative function F (ε) = 1 − e−ε ). Under plurality voting and with two candidates c and c0 , the usual utilitymaximization behavior would then lead to express the probability of voting for c against c0 as a functionPrecisely: If ε and ε0 are indepentent and exponential, the difference δ = ε − ε0 has density e−|δ| and its cumulative function is eδ /2 for δ ≤ 0 and 1 − e−δ /2 for δ ≥ 0. of the difference of unperturbed utilities: δ = −α kyc − xv k2 + Γc + α kyc0 − xv k2 − Γc0 . Such an approach is often adopted, with various statistical forms for the disturbance term (see Bailey, 2001). Under Approval Voting, some behavioral assumption must be made. Equation (1) is obtained if one assumes that voter v approves of candidate c when the utility uv (c) is larger than some
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fixed threshold, that we can take to be 0. In that case:   Pr [Avc = 1] = Pr εv,c > α kyc − xv k2 − Γc = exp −α kyc − xv k2 + Γc







 = γc exp −α kyc − xv k2 . The writing uv (c) = −α kyc − xv k2 + Γc + εv,c makes it clear that the parameter γc (or its logarithm Γc ) describes the valence of candidate c in the usual sense. In particular it is possible that a voter prefers candidate c to candidate c0 and nevertheless prefers the policy promoted by c0 to the one promoted by c. In the present setting, this would translate into a lower probability of approving c0 than c. Such a reversal holds, if Γc is larger than Γc0 , for those voters v such that: kyc − xv k2 < kyc0 − xv k2 +



1 (Γc − Γc0 ) . α



Geometrically, this corresponds to the band of breadth



Γc −Γc0 2αkyc0 −yc k



that con-



tains the points xv whose projection on the line (yc , yc0 ) falls between the Γ −Γ



middle point 21 (yc + yc0 ) and the point 12 (yc + yc0 )+ 2αkyc 0 −yc0 k2 (yc0 − yc ). This c



c



band is the (probabilistic and multi-dimensional) “Stokes region” defined by Groseclose (2001) after Stokes (1963). Dealing with voting rules, a much debated point is the question of strategic behavior. About Approval Voting, the standard definition of “sincere 15



voting” is that a sincere voter cannot approve of candidate c, disapprove of c0 and nevertheless sincerely prefer c0 to c. This does not fully specify the sincere voter’s behavior since it leaves open the possibility to approve many candidates or a small number of them; it also contains no probabilistic idea. In the present paper we do not attempt to take into account strategic behavior. Our behavioral assumption is the specification (in equation 1) of the individual approval probability. We believe that this specification is very much in the spirit of what one might wish to call “sincerity” in the case of approval voting. The key point is that, according to our assumption, a voter judges of the different candidates one by one: a candidate is good or bad independently of the other candidates. This is really a non-strategic way of thinking. Obviously, it has the property that the probability that voter v approves of c decreases with the rank of c in v’s preference order. A proper treatment of strategic voting under approval voting should include the computation of voting equilibria, and not much has been done in this direction. Myerson (2002) has carefully studied some cases with three candidates and Laslier (2003) has shown that the strategic best response to almost any announced score vector is a sincere ballot, in which the voter approves of all the candidates which he prefers to the announced winner. This is a very specific property of approval voting. Suppose for instance that, at equilibrium, Right-wing voters, in order to forestall the election of a Left-
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wing extremist, vote for a median candidate who is a second best for them, then their equilibrium strategies also include approving of their first-best, Right-wing candidates, so that strategic voting turns out to be “sincere” for them at equilibrium, according to the standard definition of sincerity for approval voting. Therefore it is not clear wether strategic models would have observational implications very different from the ones that follow from a behavioral assumption like the one used here.
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Candidate representation



3.1



The distance formula



Candidate representation will be based on a logarithmic formula that we state in a definition. Definition 1 Let the numbers a(c) and a(c, c0 ) of votes and associations for the various candidates c, c0 ∈ C be given, a representation of the candidates is a set of locations yc ∈ IRk such that the squared distances kyc − yc0 k2 are 0



a(c,c ) proportional to ρ − ln a(c) for an additive constant ρ called the contrast a(c0 )



parameter: kyc − yc0 k2 ∝ ρ − ln



a(c, c0 ) . a(c) a(c0 )



The number of association a(c, c0 ) in this formula measures wether the electorates of candidates c and c0 overlap. The formula implies that two can17



didates are located very far from each other if their supporters are almost completely separate: candidates with disparate supports will be widely separated in space. The next sections will justify and discuss this definition.



3.2



Derivation of the distance formula



Given the voting model, the number of votes for a candidate located at point yc , as well as other statistics, depends on the distribution of the voters’ ideal R points. If f is the density of the voters’ ideal points, with f (x)dx = 1, and if N denotes the size of the population, the number of voters who approve of candidate c is, following formula (1): Z a(c) = N



 γc exp −α kyc − xk2 f (x)dx,



(2)



and, likewise, the number of voters who approve of c and c0 is: 0



a(c, c ) = N



Z



 γc γc0 exp −α kyc − xk2 − α kyc0 − xk2 f (x)dx.



(3)



We call a(c, c0 ) the number of associations between c and c0 . The numbers a(c) and a(c, c0 ) are observed, and the parameters of the model are the locations yc of the candidates, the density function f , and the numbers γc and α. We are interested in deducing the locations yc from the data, and in this paper, this will be done by adjusting parameters under the hypothesis that the density of ideal points is very flat.
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To express the idea of a very flat distribution, we consider a normal density with concentration λ, and will let λ tends to zero. At the limit, a large electorate is spread all over the space. Without loss of generality, we suppose the distribution centered at the origine 0; the density of individuals’ ideal points is:  k/2  λ exp −λ kxk2 , f (x) = π



(4)



where λ is some positive parameter that measures the concentration of the electorate (around the origin). Standard but tedious computation provided in the appendix then gives formulae for the numbers of votes a(c) and associations a(c, c0 ) (equations 7 and 8). Combining these equations, one can write the distance between two candidates as follows: a(c, c0 ) kyc − y k = A − B. log a(c)a(c0 ) c0



2



(5)



where A and B are complicated expressions (provided in the appendix) that involve the norms kyc k but not the valences γc . Up to the knowledge of the parameters α and λ, one could in principle fit this model by finding locations and valences for candidates such that a(c) and a(c, c0 ) obtained by the above formulae fit the corresponding observed numbers. But this appears to be a difficult task and we shall work with a simplified version of this model and suppose that the concentration λ of 19



the electorate is small. One should think of this limit situation as describing what happens when the distribution of voters ideal points tends to be uniform over the political space and does not concentrate around a particular point. Then the following approximation, obtained from the formulae (7, 8, 9) by supposing that λ is small compared to α, holds:



 k/2 λ , a(c) ' N γc α  k/2  α  λ 2 0 0 0 exp − kyc − yc k . a(c, c ) ' N γc γc 2α 2 One can see that the valence parameter γc is proportional to the number of votes. γc a(c) = . 0 a(c ) γc0 As an effect of the approximation, the location of candidate c does not appear anymore, which is easily understood: when voters are evenly spread all over the space, no point can be singled out in that space. When λ is small, for the number of votes not to degenerate, the number of voters must be accordingly large, precisely of the order of magnitude N ' λ−k/2 , then one obtains a simple formula for the distance between two candidates, in which the term kyc k2 + kyc0 k2 vanishes, the parameters λ and γc do not appear, the only remaining parameters being the policy salience α: kyc − yc0 k2 ' A0 − B 0 . log 20



a(c, c0 ) a(c)a(c0 )



with: A0 =



α 2 k log , B 0 = . α 2 α



This means that the approximate model leaves unspecified the actual positions of the candidate, but not their relative positions. This is a crucial point. Although it might be preferable to work without the approximation if that was possible, it will be seen in the next section that knowing the relative positions of the pairs of candidates is already very valuable, and indeed sufficient, information. The other important feature is that, once correlations are measured as above, the valence parameters do not interfere. Definition 1 is justified by the preceding considerations with the “contrast” ρ being related to the policy salience parameter α in a very simple way: ρ=



3.3 3.3.1



A0 k α = log . 0 B 2 2



Discussion The possibility of Euclidean representation



With the observed approval ballots, one builds the matrix A and obtains the numbers of votes and associations. It is easily seen that the numbers of associations are provided by the association matrix AT ·A, where the notation AT is used for transposition. The numbers of votes appear in the diagonal of the association matrix. For a given contrast ρ, one can compute the numbers 21



which, according to definition 1, are supposed to be the distances between candidates. It may well be the case that no set of points satisfies these conditions. For instance if a(c, c0 ) = 0, the definition implies that one of the two points yc or yc0 be rejected infinitely far from the other. Conversely, for the distances to 0



a(c,c ) be non negative, it is required that the contrast ρ be larger than log a(c)a(c 0) ,



that is:  α k/2 a(c, c0 ) ≤ . a(c) a(c0 ) 2



(6)



And finally, even if these conditions are satisfied, it may be the case that the considered set of positive numbers does not satisfy the requirements (such as the triangular inequality) for an Euclidean distance. But if we do find a representation, then the above model is validated. More importantly, an Euclidean representation makes it possible to draw meaningful pictures of the set of candidates, in which physical distances correspond to political proximity as defined by the model, that is correlation of the approbations. Of course, we also need that the representation be possible in a space with a small number of dimensionsConsider the benchmark case in which the votes are drawn at random; for many voters, representation is only possible with 15 dimensions, and for the electorates considered in this paper, the best 3-dimensional fit explains not much more than 3/15 of the inertia., therefore, we would like the set of points yc to lie in a low-dimension 22



subspace of IRk . This question of finding a low-dimension representation of a set of distances is well-known in data analysis. It is the central question of factor analysis. In the appendix, we very briefly recall the technique to be used here. Remark that the theoretical spatial voting model developed in the previous section led to consider a specific distance (the one in definition 1) between candidates. With the same approval data on candidates, other distances could be considered, that might look “simpler” or more “natural”. One obvious choice is to simply take the number of voters who disagree on c and c0 . Other possible choices are related to the coefficient of correlation between the two statistical variables “vote for c” and “vote for c0 ” observed on the individuals. The main interest of the distance defined here is of course that it relates to standard theories of spatial politics and voter behavior. Notice however that in practice, different distances often provide the same qualitative findings and lead to essentially the same interpretations.With various techniques, Laslier and Van der Straeten (2002) analyse part of the data used in the present paper and Laslier (2003) analyses the same approval voting data as Brams and Fishburn (2001), Saari (2001) and Regenwetter and Tsetlin (2004). The theoretical paper Laslier (1996) is devoted to the use of factor analysis for analyzing other types of electoral data.
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3.3.2



The “dispersed electorate” assumption



In principle, our approach could be used to answer important questions such as “Do elections turn primarily upon positional issues or valence dimensions?” But the “dispersed electorate” assumption of our simplified model precludes doing so since it implies the simplification that candidate scores are only due to valence effects while positioning only relates to vote correlations. We do not attempt to estimate the distribution of the voters’ ideal points. This distribution is just assumed to be (normal and) widely dispersed. Even if sixteen is quite a large number of candidate for a presidential election, it is still a too small number for estimating the many voters’ ideal points. In a different context, Bailey (2001) has tackled the question of estimating legislators’ ideal points when only a limited number of votes is available. He estimated ideal points on one dimension, for 101 voters (senators) using 5 yes/no votes (dealing with the trade issue) and 10 variables (such as the senator’s party or the export share of production in the senator’s state) as covariates. Dealing with anonymous votes as we do, only district covariates could be used, a district being here a polling station. In practice, the only available variables at this level are the results of the previous elections, but these precisely are attractive covariates for the problem at hand. We did not pursue this line but, with more districts, one could probably use this information for estimating the multi-dimensional distribution of ideal points 24



within each district. The dispersed electorate assumption can be criticized on the basis of its realism. Previous studies hardly support the idea of a homogeneous and widely dispersed population. For instance Dow (2001) suggests a bimodal distribution for French voters. Notice that starting from a more realistic voter distribution (for instance the bimodal mixture of two normal distributions) would add more parameters to be estimated and would make the previous analytic simplifications disappear. One could no longer use the known tools of factor analysis, and would instead have to use purely numerical techniques for finding admissible locations and valences. We did not attempt to do soAnd we do not know wether it is indeed possible., but simple intuition predicts that the final structure obtained for candidate locations will in some way reflects the structure imposed on the distribution of voters. For instance, there is little doubt that a bimodal distribution for the voters’ ideal points will re-produce in a Left-Right structure for candidates’ locations. Therefore the results we finally get from a dispersed population (for instance the Left-Right positioning of the candidates, see the next section) are, in a sense, stronger than what they would be if we had we started from a more structured population. The Left-Right structure that we exhibit is purely a consequence of the way approvals are correlated and does not follow from an assumption of a bimodal electorate. Precisely because this approach makes no use of what



25



we may know from elsewhere about the electorate or about the political issues, plotting the candidates’ positions with respect to the dispersed uniform distribution of voters thus seems an interesting benchmark.
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Applications



The data to be analyzed is taken from an experiment carried out in France on April, 21, 2002, the first round presidential election day. For that election, there were 16 candidates. The experiment was run in six places: a village called Gy-les-Nonains and five polling stations in Orsay, an urban suburb of Paris. In these places, voters had the possibility, after casting their official ballot, to vote according to the approval voting rule. There are 482 registered voters in Gy. On election day, 395 came to vote. Of these 395 persons, 365 participated, after their official vote, to the experimental voting, giving a participation ratio of 92.41%. This very high ratio, and the contacts that we had after the election with the population let us believe that this data set is very reliable. In Orsay, pooling together the five polling stations, there are 4237 registered voters. On election day, 2951 came to vote. Of these 2951 persons, 2232 participated, after their official vote, to the experimental approval vote, giving a participation ratio of 75.64%. This is a high ratio, and the data set seems also reliable. The
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essential statistics concerning this data set are reported in the appendix.



4.1



Approval voting in Orsay



In Orsay, the more than 2000 approval ballots are such that the association matrix is strictly positive so we first analyze this data set. Recall that the model we use leaves the policy salience parameter α (or the contrast ρ) unspecified. For distances to be positive, and with k = 16, equation 6 requires that α be large enough. Similarly the requirement that main eigenvalues of the analysis be real and positive is satisfied if α is large; Euclidean representation without bound on the dimension is possible unless α is too small. On the other hand, performing the analysis for different values of α shows that the fraction of inertia explained by the first eigenvalues is decreasing with α; approximation in few dimensions requires α to be not too largeHere is the intuition. From the formula in definition 1, one can see that if ρ is large, all pairwise distances are approximately equal (about



√



ρ). Geometrically, the



k points yc are then completely symmetric, thus they are the vertices of a k-simplex, which requires k − 1 dimensions. In terms of the policy salience parameter α, this phenomenon is explained in the following way: if α is large, formula 1 implies that voters slightly away from c’s location do not approve c, so that no voter approves of two different candidates, the system degenerates and has to treat candidates completely symmetrically.. Therefore the opti27



mal value for α is the smallest value such that the Euclidean representation is possible. For each pair of candidate one can compute the minimal value of α for the distance between the two candidates to be positive, according to equation (6). The highest of these values are α = 2.46, obtained for M´egret compared with LePen (the two extreme right candidates), and 2.42, 2.40 and 2.37, obtained for Gluckstein compared with Laguiller, Hue and Besancenot (the four communist candidates). If one restricts attention to the main candidates (for instance the candidates who obtained at least 3% of the votes in France, that is 11 candidates) then the highest value is α = 2.25, obtained for Laguiller compared to Besancenot. Given α, the analysis provides a set of eigenvalues, which are complex numbers, ordered by they modulus, from the largest to the smallest one. If all the eigenvalues are real and non-negative, then the original set of points can be represented perfectly in an Euclidean space (of 15 dimensions). For the value α = 2.46 such that all pair-wise distances are non-negative, the 10 first eigenvalues are real and positive, which is largely enough. One finds explained inertia as in Table 3. With three dimensions, one explains about 70% of the inertiaIf the approval votes are choosen randomly and independently, simulation shows 28



that, for 2232 voters, this figure is 26%, with very small variance.. More precisely, Table 4 indicates the cosine of the candidates with respect to the first axis, the first plane, the first 3-space, etc.. One can see that with only 3 dimensions, most candidates are well represented, with the notable exception of Jean-Pierre Chev`enement (Jp) and, to a lower extent, Fran¸cois Bayrou (Fb). The Figures 1 and 2 show this best 3-dimension representation of the candidates. All 16 candidates have been represented although some of them would require more dimensions. The first axis distinguish left-wing and right-wing candidates. Four candidates are located equally far right: Alain Madelin (Am), the Liberal (in the french sense) candidate, Jacques Chirac (Jc), Bruno M´egret (Bm) and JeanMarie Le Pen (Lp). The extreme left candidates are Robert Hue (Rh) (Parti Communiste Fran¸cais) and Olivier Besancenot (Ob), the candidate of the Ligue Communiste R´evolutionnaire, one of the three Trotskyist challengers in that election, with Arlette Laguiller (Al) and Daniel Gluckstein (Dg). But, as one can see from these figures, it would be a serious mistake to reduce the political landscape to a single dimension. For instance the distance between the two “left wing” candidates Christiane Taubira (Ct) and Daniel Gluckstein (Dg) is actually larger than the distance observed between the main candidates of the right (Jacques Chirac, Jc) and of the left (Lionel Jospin, Lj, who is located very close to No¨el Mam`ere, Nm). Another
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striking observation is that the so-called “moderate right” is not between the “extreme-right” and the left. The one-dimensional paradigm which is common place considers an “extreme right” represented by Jean-Marie Le Pen (Lp) and Bruno M´egret (Bm), a moderate right (“la droite r´epublicaine”) represented by candidates like Jacques Chirac (Jc), Alain Madelin (Am) or Corine Lepage (Cl), and a left wing that spreads from the socialists (Lionel Jospin, Lj) to the Trotskyists through the communists (Robert Hue, Rh) and the greens (No¨el Mam`ere, Nm). This picture does not fit our observations. As it is often the case in studies that conclude to a multi-dimensional political space, interpretation of the second dimension is not straightforward. For France, Dow (2001), studying 1998 data, notices that “The vertical axis is more difficult to interpret, but likely to correspond to issues centering on trade, European Union and similar considerations”. According to this second axis, the Left and the extreme Right parties are opposed to the Centrist and Gaullist parties. Here, looking at the Figure 1, one can proposes the following tentative interpretation. The lower part of the picture gathers, on the Left the Trotskyists and the Communists as well as, on the Right, the extreme right candidates (Le Pen, M´egret). The upper part of the picture gathers, on the left the Socialist, the Greens and Christiane Taubira, the anti-racist female candidate from French Guyana, and on the right the centrist Fran¸cois Bayrou, Corine Lepage (a former State secretary for Environment under a
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Chirac government) and Alain Madelin, the Right-wing liberal candidate. A natural interpretation is thus that the second axis corresponds to a racism and authoritarianism versus universalism and optimism distinction. This corresponds to what Roemer and Van der Straeten (2004) use in their study of French presidential elections. It was found by several studies, for instance by Chiche et al. (2000) in opinion polls after the 1997 elections, by Grunberg and Schweisguth (2002) after the 2002 elections, and by Laver et al. (2004) using computerised text analysis techniques after the 2002 election. The center seems more or less empty: only Jean-Pierre Chev`enement is in the center according to the first axis, but we saw that this candidate is not well represented on the first dimensions, therefore the point Chev`enement (Jp) on Figures 1 and 2 should not be trusted. Chev`enement is a socialist candidate who ran against the official candidate of the socialist party (Lionel Jospin) with a program based – among other things – on the “nation sovereignty”, not a typically socialist theme. He pretended to be, and apparently he was, a candidate outside of the classical geometry of French politics.



4.2



Approval voting in Gy-les-Nonains



We now leave the outskirts of Paris for the small village of Gy-les-Nonains (Loiret). As mentioned earlier, the data set collected here seems very reli31



able, since more than 90% of the concerned population participated. But the number of voters is lower than in Orsay, and the association matrix (6) contains many small numbers. Notice moreover that the model developed in this paper leads to a formula for the distance between two candidates (definition 1) whose first term ln (a(c)a(c0 )/a(c, c0 )) is not defined if the association (c, c0 ) is not observed, and may be very large if the association is very rare. This leads us to think that candidates providing too small values should not be incorporated in the analysis. It is an important property of the Approval Voting procedure that it allows for independent evaluations of the different candidates, both for the voter when he or she decides whom to approve of, and for the scientist who can, without inconsistency, consider the election restricted to some subset of the set of candidates. We take advantage of this possibility and decide to restrict the analysis to the main candidates. We consider the candidates who obtained at least 3% of the votes at the national level. This set of 11 candidates corresponds almost exactly in Gy to the first 11 officially and also according to approval voting (see the results in Tables 5 and 1). The same reasoning that led to choose α = 2.46 in Orsay leads now to a slightly different value: α = 2.43. The explained inertia reported in Table 7 indicates that 3 dimensions give a good overall picture of the set of 11 candidatesThree dimensions explain 72% of the inertia. This figure is 24% if
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the approval votes are choosen randomly and independently, for 365 voters.. The cosines provided in Table 8 detail that point for each candidate. Notice that Besancenot (Ob) and Chev`enement (Jp), who would require one more dimension and appear on the pictures 3 and 4 more centered than they really are. As in the previous analysis one can notice by looking at Figures 3 and 4 that the first axis opposes the Left and Right candidates but that the overall structure is not one-dimensional: points on these pictures are not on a line. Reducing the picture to a 2-dimensional one would also induce some mistakes. Consider for instance the candidate Jean Saint-Josse (Js). This candidate is a defender of the rural tradition, he runs for the party Chasse, Pˆeche, Nature et Tradition (“Hunting, Fishing, Nature and Tradition”). His projection on the main plane (Figure 3) puts him close to the extreme-right leader Jean-Marie Le Pen, of the Front National, but this is an error of perspective, as one can see from the third axis (Figure 4). The third axis opposes Jean Saint-Josse (Js) to Jean-Marie Le Pen (Lp). The participation rate at the experiment in Gy was remarkably high (365 participants out of 395 voters is 92%). We have good reasons to believe that the data collected in this typical, mostly right-wing, rural village is reliable (see [19]). It is thus interesting to look more closely at the picture of the set of right-wing candidates, as seen from Gy. Indeed, the “Right” candidates are
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much dispersed. Figure 5 is a side view of the 5 Right candidates. One can clearly see on this pictures the components of the french Right, with Jacques Chirac (Jc) in the middle. Notice that the size of this picture is not much smaller than the size of the overall political landscape, including the Left, which means that the intra-right distances, in Gy, are not less important than the Left-Right oppositions. Figure 6 is the same side view for the Left candidates Another important observation, that can be made in both Orsay and Gy, is the absence of a “center”. The centrist candidate for that election was Fran¸cois Bayrou (Fb). This candidate had a large support (according to Approval Voting, he ranked fourth in both places) but the spatial metaphor of the “center” for designating him may be misleading, just like the name “extreme right” for Le Pen. According to our analysis of the crossed electoral supports of the candidates, these are different components of the Right, almost equally distant from the Left.



5



Conclusion



This study allows to draw conclusions at different levels, concerning field experimentation in Political Science, the Approval Voting rule, the spatial theory of voting and French politics.
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Field experimentation The data analyzed in this paper has been obtained through a particular methodology that is best described as “field experiment”. This is different from both opinion poll and laboratory experiment. With respect to more standard surveys, great care was taken to guarantee anonymity to the voters, or more exactly the same kind of anonymity as real voting. Registered voters, and only them, were participating. The modus operandi that was in place was as much as possible the same as for the real election: the voter gets into a booth to fill a paper ballot and to put it into an envelope, then he or she gets out of the booth to put the envelope in a transparent urn which is opened at the end of the day. With respect to laboratory experiments as practiced in Experimental Economics, field experimentation allows to get in touch with the general population, whereas most laboratory experiments are done with students. Indeed, election day is one among very few occasions to reach the whole population in a controlled environment. The very high participation rates that were obtained are a success for this methodology.



Lessons for Approval Voting One often mentioned problem about voting rules is that adopting a (new) rule requires from the voters a difficult cognitive work to really understand the rule. In the experiment, approval voting was very easily understood and accepted. Another important ques-
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tion is: Which kind of candidates does approval voting tend to elect? Looking at the scores of the main candidates in the different places where the comparison between approval and the official results can be done, one can see that the first-ranked candidates are always the same according to approval voting and to the official first-round scores (in some places it is Chirac and in others it is Jospin). One can bet that the same candidates would have been first ranked with other rules. Therefore, as far as one can tell from these limited observations, the Approval Voting rule does not generate extraordinary or peculiar results. The present paper stresses the fact that Approval Voting is interesting from another point of view. Apart from the identity of who is finally elected, an election held under the Approval Voting rule provides a more accurate picture of the political space. This point in itself is valuable from the point of view of Democracy.



Theoretical considerations Electoral proximity between candidates is a two-sided notion: on one side it means that they adopt similar positions on most important issues, and on the other side, it means that they would tend to be supported by the same voters. This identification between two a priori different notions is meaningful under the assumption that voters are (at least partly) determined by the candidate positions. We showed in this paper that electoral proximity can be measured from the approval votes in
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a manner that is consistent with both definitions even if important valence effects take place. We did so by taking as an assumption a spatial model of voting in which a voter’s approval choice is a function of the candidate valence and position. Under the hypothesis of a very dispersed electorate, we found that electoral proximity between candidates can be measured by a specific measure of how correlated in the population are the approval votes that two candidates receive. Since the “flat electorate” hypothesis is only a benchmark, a natural avenue of research is to replace it with a more realistic one.



Lessons for actual politics We do find that most candidates can be relevantly described as being “Left” or “Right” candidates, but we do not observe that the so-called “Extreme Right” is at the extreme of the Right, nor that the so-called “Center” is located in between the Left and Right. In one place (Gy-les-Nonains), we find that left-wing candidates are relatively close from each other, which means that they often get support from the same voters. But such is never the case for the non-left candidates: the “distances” between right-wing candidates are often of the same order of magnitude as the left-right distance. This proves that the one-dimensional metaphor is not tenable. An adequate image of the political landscape requires one or two more dimensions to describe several political poles which were, in our data,
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mainly represented by “right-wing” candidates. Because our study is only based on observed votes, we can only name these poles by the name of the candidates, but political commentators would probably recognize the various dimensions of the French “Right”.
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A



Mathematical appendix



A.1 A.1.1



Some computations Formula 7 (number of votes)



The number of votes is, from (2) and (4):  k/2 Z  λ a(c) = N γc exp −α kyc − xk2 − λ kxk2 dx. π Developping the quadratic term gives: α kyc − xk2 + λ kxk2 = α kyc k2 − 2αyc · x + (α + λ) kxk2 



2   



α α2 2 = α− x− . kyc k + (α + λ) yc 



α+λ α+λ Note that α−



α2 αλ = α+λ α+λ



and compute the k-dimensional integral:



2 !



α yc dx α+λ  k/2 Z π 2 = exp − (α + λ) kzk dz = α+λ



Z 



exp − (α + λ) 



x −



to get the desired result:  a(c) = N γc



λ α+λ



k/2



 αλ 2 exp − kyc k , α+λ
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(7)



A.1.2



Formula 8 (number of associations)



Likewise, the number of associations is, from (3) and (4): Z



0



a(c, c ) = N



  γc exp −α kyc − xk2 γc0 exp −α kyc0 − xk2 f (x)dx,



which writes here:  k/2 Z  λ a(c, c ) = N γc γc0 exp −α kyc − xk2 − α kyc0 − xk2 − λ kxk2 dx. π 0



Denote z =x−



α (yc + yc0 ) . 2α + λ



Developing the quadratic term gives: α kyc − xk2 + α kyc0 − xk2 + λ kxk2 = α kyc k2 + α kyc0 k2 − 2α (yc + yc0 ) · x + (2α + λ) kxk2 α2 = α kyc k + α ky k − kyc + yc0 k2 + (2α + λ) kzk2 2α + λ   α  = (2α + λ) kyc k2 + kyc0 k2 − α kyc + yc0 k2 + (2α + λ) kzk2 2α + λ   α  (α + λ) kyc k2 + kyc0 k2 − 2αyc · yc0 + (2α + λ) kzk2 = 2α + λ  α  = α kyc − yc0 k2 + λ kyc k2 + kyc0 k2 + (2α + λ) kzk2 2α + λ  α2 αλ = kyc − yc0 k2 + kyc k2 + kyc0 k2 + (2α + λ) kzk2 . 2α + λ 2α + λ 2



c0



2
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 exp − (2α + λ) kzk2 dz then provides the result: k/2  λ 0 × a(c, c ) = N γc γc0 2α + λ   α  2 2 2 exp − . α kyc − yc0 k + λ kyc k + λ kyc0 k 2α + λ



Integrating



A.1.3



R



(8)



Formula 5 (distance)



From Equations 7 and 8, one gets: !k/2 N a(c, c0 ) (α + λ)2 = × a(c)a(c0 ) λ (2α + λ)     α2 αλ αλ 2 2 2 exp − kyc − yc0 k − − kyc k + kyc0 k 2α + λ 2α + λ α + λ After taking the logarithm and re-arranging: log



k (α + λ)2 α2 N a(c, c0 ) = log − kyc − yc0 k2 0 a(c)a(c ) 2 λ (2α + λ) 2α + λ  α2 λ kyc k2 + kyc0 k2 + (2α + λ) (α + λ)



which gives:  k 2α + λ (α + λ)2 λ log + kyc k2 + kyc0 k2 2 2 α λ (2α + λ) (α + λ) 2α + λ N a(c, c0 ) − log , α2 a(c)a(c0 )



kyc − yc0 k2 =



and the desired result with: (α + λ)2 2α + λ λ 2kα + kλ 2 2 0k ky k + ky , A= log − log N + c c 2α2 2αλ + λ2 α2 α+λ 2α + λ B= . (9) α2 47



A.2



A quick recall of Principal Component Analysis



Let zc , for c ∈ C, be k points in IRk centered (without loss of generality) at P 0: c zc = 0. By definition, the inertia of the system of points z = (zc )c∈C is the sum of the squared distances: I(z) =



X



kzc − zc0 k2 .



c∈C



Given a system of points y centered at 0 and some linear subspace E of IRk , let ycE be the projection of yc on E. The inertia I(y E ) is called the inertia explained by E and the ratio I(y E )/I(y) measures the quality of the representation of y by y E . For i ≤ k, the best representation of y with i dimensions is the projection on that linear space Ei of dimension i such that the explained inertia is maximal.This quantity is called “explained variance” in Statistics. Here we prefer not to use this vocabulary in order to avoid confusion: the present model is not a truly statistical one, in particular we do not attempt to build statistical test for the accuracy of the fit. It is easy to prove that these best representations are projections onto each others: for j < i < k, the best representation y Ej with j dimensions can be obtained either from y itself or from the intermediate best representation y Ei with i dimensions. The line E1 is called the “first principal axis”. The plane E2 is called the “principal plane”, it contains the line E1 . The “second principal axis” is defined as the direction, in the principal plane, orthogonal 48



to the first principal axis, and so on. It turns out that these embedded best representations can be obtained by linear algebra. Let D be a (k × k) symmetric matrix of positive numbers, such that Dc,c0 is the square of the distance between two points yc and yc0 ∈ IRk . Let Γ be the matrix of inertia: Γ = (D · J + J · D − J · D · J − D) /2, where J is the (k × k)-matrix with each cell equals to 1. Let µ1 , ..., µk be the ordered eigenvalues of Γ, starting from the largest one µ1 to the smallest one µk . Let v1 , ..., vk be corresponding normed eigenvectors. The best representation with i dimensions is the projection on the space Ei that contains P the center c yc and is spanned by the i first eigenvectors v1 , ..., vi . The percentage of explained inertia is given by the sum of the first eigenvalues: Pi I(y Ei ) j=1 µj = Pk . ρ(i) = I(y) µ j j=1 For each (centered) point, the quality of the representation can be measured by the cosine of the projection:



E



y i . r(c, i) = kyk In practice, using real data, the eigenvalues of the matrix of inertia may not be pure real numbers, meaning that, even with k dimensions, an exact 49



Euclidean representation is not possible. This technique is only valid if the imaginary parts of the eigenvalues are small, one must check that point on the data.
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B B.1



Description of the data Experimental protocol



A pilot experiment was carried out in January 2002 at the Institut d’Etudes Politiques in Paris. We tested for approval voting and evaluative voting (voters evaluate candidates freely on a numerical scale 1-10 and, like in other point systems, the “grades” obtained by each candidate are added) and had more than 400 participants. The real experiment was then carried out in Gy and Orsay with the collaboration of the local authorities. The week before the election, all registered voters received a letter explaining approval voting and the purpose of the experiment. On election day (21 April 2002) specific voting booths and urns where set in the same room as (but aside from) the official ones. All these experiments where successful in the sense that most voters understood without difficulty the proposed systems and accepted to participate. For more information, see Balinski et al. (2002) and Laslier and Van der Straeten (2004).
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B.2



Data from Orsay



Elementary statistics for Orsay Participation : Official vote : Votes : 2951, Cancelled : 57 Experiment : Participants : 2232, Cancelled : 9 Participation rate: 2232/2951 = 75.6%



Number of approvals on the ballots: 0



1
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4



5



6



7



8



9



10



>10



24



239



477



681



428



229



87



34



13



5



1



5



Average number of approval per ballot : 3.18



- Insert Table 1 around here - Insert Table 2 around here - Insert Table 3 around here - Insert Table 4 around here -
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B.3



Data from Gy-les-Nonains



Elementary statistics for Gy-les-Nonains Participation : Official : Votes : 395, Cancelled : 8 Experiment : Participants : 365, Cancelled : 1 Participation rate: 365/395 = 92.4 %



Number of approvals on the ballots: 0
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>10



12



48



92



102



64



29



7



6



3



1



0



0



Average number of approval per ballot : 2.90



- Insert Table 5 around here - Insert Table 6 around here - Insert Table 7 around here - Insert Table 8 around here -
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- Insert Figure 1 around here - Insert Figure 2 around here - Insert Figure 3 around here - Insert Figure 4 around here - Insert Figure 5 around here - Insert Figure 6 around here -
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Experiment “Approval Voting”



Official vote



% ballots.



% approvals



% votes



Jc: J. Chirac



36.21 %



11.37 %



18.80 %



Lp: J.-M. Le Pen



11.65 %



3.66 %



8.71 %



Lj: L. Jospin



43.23 %



13.57 %



20.66 %



Fb: F. Bayrou



35.18 %



11.04 %



10.30 %



Al: A. Laguiller



15.07 %



4.73 %



3.70 %



Jp: J.-P. Chev`enement



32.30 %



10.14 %



8.57 %



Nm: N. Mam`ere



30.63 %



9.62 %



8.29 %



Ob: O. Besancenot



17.68 %



5.55 %



3.14 %



Js: J. Saint-Josse



5.76 %



1.81 %



0.69 %



Am: A. Madelin



21.32 %



6.69 %



4.94 %



Rh: R. Hue



11.70 %



3.67 %



2.63 %



Bm: B. M´egret



6.12 %



1.92 %



1.14 %



Ct: C. Taubira



20.56 %



6.45 %



3.56 %



Cl: C. Lepage



19.25 %



6.04 %



2.80 %



Cb: C. Boutin



8.10 %



2.54 %



1.42 %



Dg: D. Gluckstein



3.82 %



1.20 %



0.66 %



Total



318.58 %



100 %



100 %



Table 1: Orsay: Candidates scores
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Jc



Lp



Lj



Fb



Al



Jp



Nm



Ob



Js



Am



Rh



Bm



Ct



Cl



Cb



Dg



Jc



805



143



122



415



53



247



83



26



69



329



19



84



54



184



97



7



Lp



143



259



29



90



30



88



22



16



36



85



12



83



7



31



29



8



Lj



122



29



961



214



186



325



474



235



24



74



203



14



298



147



31



42



Fb



415



90



214



782



55



284



155



70



64



295



43



65



123



219



125



12



Al



53



30



186



55



335



101



166



150



20



25



99



13



93



43



19



58



Jp



247



88



325



284



101



718



203



117



49



138



98



35



153



145



53



25



Nm



83



22



474



155



166



203



681



220



28



60



146



9



228



111



32



53



Ob



26



16



235



70



150



117



220



393



16



18



114



6



164



54



11



58



Js



69



36



24



64



20



49



28



16



128



62



18



17



22



41



29



6



Am



329



85



74



295



25



138



60



18



62



474



13



54



45



127



79



5



Rh



19



12



203



43



99



98



146



114



18



13



260



6



96



30



13



42



Bm



84



83



14



65



13



35



9



6



17



54



6



136



5



22



21



4



Ct



54



7



298



123



93



153



228



164



22



45



96



5



457



122



33



30



Cl



184



31



147



219



43



145



111



54



41



127



30



22



122



428



78



15



Cb



97



29



31



125



19



53



32



11



29



79



13



21



33



78



180



9



Dg



7



8



42



12



58



25



53



58



6



5



42



4



30



15



9



85



Table 2: Orsay: Association matrix
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dimension i



1



2



3



4



ρ(i) (%) 44



62



72



77



Table 3: Orsay: Inertia for α = 2.46
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cosines



1



2



3



4



Jc: J. Chirac



74 77 82 89



Lp: J.-M. Le Pen



70 96 99 99



Lj: L. Jospin



58 66 83 86



Fb: F. Bayrou



48 67 68 68



Al: A. Laguiller



63 81 82 87



Jp: J.-P. Chev`enement



01 14 58 91



Nm: N. Mam`ere



65 69 69 78



Ob: O. Besancenot



82 84 84 84



Js: J. Saint-Josse



54 59 72 75



Am: A. Madelin



77 83 83 84



Rh: R. Hue



81 86 86 88



Bm: B. M´egret



80 96 96 96



Ct: C. Taubira



65 86 91 92



Cl: C. Lepage



21 60 73 73



Cb: C. Boutin



58 59 87 87



Dg: D. Gluckstein



71 92 98 98



Table 4: Orsay: Cosines for α = 2.46
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Experiment “Approval Voting”



Official Vote



% ballots.



% approvals



% votes



Jc: J. Chirac



38.19 %



13.16 %



19.64 %



Lp: J.-M. Le Pen



32.69 %



11.27 %



19.64 %



Lj: L. Jospin



23.90 %



8.24 %



11.11 %



Fb: F. Bayrou



23.35 %



8.05 %



6.72 %



Al: A. Laguiller



17.58 %



6.06 %



13 %



Jp: J.-P. Chev`enement



18.41 %



6.34 %



4.65 %



Nm: N. Mam`ere



18.41 %



6.34 %



4.65 %



Ob: O. Besancenot



17.03 %



5.87 %



2.84 %



Sj: J. Saint-Josse



20.33 %



7.01 %



9.56 %



Am: A. Madelin



21.16 %



7.29 %



5.17 %



Rh: R. Hue



10.16 %



3.50 %



3.10 %



Bm: B. M´egret



17.03 %



5.87 %



2.84 %



Ct: C. Taubira



9.07 %



3.12 %



0.52 %



Cl: C. Lepage



9.89 %



3.41 %



2.84 %



Cb: C. Boutin



5.76 %



1.99 %



0.78 %



Dg: D. Gluckstein



7.14 %



2.46 %



1.81 %



Total



290.11 %



100 %



100 %



Table 5: Gy: Candidates scores
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Jc



Lp



Lj



Fb



Al



Jp



Nm



Ob



Js



Am



Rh



Bm



Ct



Cl



Cb



Dg



Jc



139



51



15



47



10



28



11



10



36



48



3



31



5



9



6



3



Lp



51



119



10



22



18



17



9



13



21



22



5



44



3



5



4



4



Lj



15



10



87



14



21



17



40



24



11



5



26



0



23



9



5



4



Fb



47



22



14



85



10



25



13



9



10



33



3



13



8



14



7



2



Al



10



18



21



10



64



13



19



24



10



3



18



6



11



11



7



12



Jp



28



17



17



25



13



67



10



11



10



19



2



7



8



11



4



3



Nm



11



9



40



13



19



10



67



32



7



9



15



3



15



10



4



12



Ob



10



13



24



9



24



11



32



62



10



8



16



9



16



13



3



15



Js



36



21



11



10



10



10



7



10



74



18



5



13



5



6



6



4



Am



48



22



5



33



3



19



9



8



18



77



2



15



4



10



6



3



Rh



3



5



26



3



18



2



15



16



5



2



37



0



5



4



3



7



Bm



31



44



0



13



6



7



3



9



13



15



0



62



1



2



4



4



Ct



5



3



23



8



11



8



15



16



5



4



5



1



33



7



4



3



Cl



9



5



9



14



11



11



10



13



6



10



4



2



7



36



5



4



Cb



6



4



5



7



7



4



4



3



6



6



3



4



4



5



21



1



Dg



3



4



4



2



12



3



12



15



4



3



7



4



3



4



1



26



Table 6: Gy: Association matrix
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dimension i



1



2



3



4



ρ(i) (%) 43



60



72



82



Table 7: Gy: Inertia for α = 2.43
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cosines



1



2



3



4



Jc: J. Chirac



77 78 78 83



Lp: J.-M. Le Pen



42 74 88 94



Lj: L. Jospin



69 75 76 88



Fb: F. Bayrou



55 78 80 81



Al: A. Laguiller



65 71 89 90



Jp: J.-P. Chev`enement



39 61 75 83



Nm: N. Mam`ere



65 80 84 89



Ob: O. Besancenot



68 68 69 79



Sj: J. Saint-Josse



31 69 86 93



Am: A. Madelin



78 80 89 96



Rh: R. Hue



90 92 94 95



Table 8: Gy: Cosines for α = 2.43



Figure 1: Orsay, main plane



Figure 2: Orsay, axes 1 and 3
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Figure 3: Gy, main plane



Figure 4: Gy, axes 1-3



Figure 5: The Right in Gy



Figure 6: The Left in Gy
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